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Bisphenol A (BPA) is perhaps the archetypal endocrine-disrupting
chemical (EDC).1 Due to the chemical’s use in canned food and
certain beverage containers, many researchers have focused on
oral exposure routes for BPA and its ostensibly safer substitutes,
such as bisphenol S (BPS). But BPS and BPA are also used as
developers in receipts and other thermal papers, raising the poten-
tial for dermal exposure. A recent study2 in Environmental Health
Perspectives adds to the evidence that people who handle thermal
receipts absorb these compounds through their skin.

Two investigators tested BPA and BPS in an in vitro human
skin cell model and found that the former crossed skin more effi-
ciently than the latter. This was consistent with their companion
experiment in which five male volunteers handled simulated (for
BPA) and authentic (for BPS) store receipts for 5 minutes each.

Despite lower percutaneous absorption, the average percent-
age of free BPS in the men’s urine was higher (6.9%) than that of
free BPA (2.7%) up to 48 hours after exposure. Thus, less BPS
than BPA was metabolized in the body. This has potential human
health implications because—like BPA—BPS has endocrine-
active properties,3 and only free, unmetabolized bisphenols bind
to estrogen receptors.4,5

“Our study is a mix of good and bad news,” says coauthor
Jonathan Martin, a professor of environmental toxicology at
Sweden’s Stockholm University. “The good news is that BPS
crosses your skin [more slowly] and perhaps to a lesser extent
than BPA. But that does not mean fewer [potential] health con-
cerns, because less of that BPS is detoxified.” Evaluating the bal-
ance of these results will require a much larger risk assessment
study, Martin adds.

Earlier, Martin and coauthor Jiaying Liu, a postdoctoral fel-
low in urban and environmental sciences at Peking University,
had reported6 that dermal absorption of BPA resulted in longer
systemic circulation than dietary exposures in a study of six male
participants. After manual handling of receipts, urinary excretion
of BPA increased linearly for 2 days, and some participants still
had detectable BPA levels after 1 week. In contrast, the same
group cleared all dietary BPA within 24 hours.

To follow up on these findings, Liu and Martin studied BPS,
a common BPA substitute in thermal paper7 that can also transfer
readily onto paper currency.8 Other investigators—in small stud-
ies in the United States,9 Canada,10 and Italy11—have measured
BPS in approximately half of store receipts sampled from actual

Receipts printed on thermal paper are believed to be a common source of bisphenol exposures in people, with cashiers receiving especially high estimated
exposures.8 When people store their receipts alongside their cash, the chemicals can transfer onto the paper, making currency another ready source of potential
exposure.8,18 Image: © iStockphoto/Juanmonino.
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stores. Occupational studies, also with small sample sizes, have
detected higher urinary BPS levels in cashiers after their shifts
compared with pre-shift levels and with noncashiers.12,13

“To my knowledge, this is the first study to demonstrate that
BPS crosses the human skin,” says Ana Soto, an endocrinologist at
Tufts University. “It shows that people who handle receipts excrete
BPS in their urine, which supports the importance of dermal expo-
sures to BPS and other EDCs.” She adds that multiple exposure
routes are additive, raising concerns not only for cashiers, but also
people who handle receipts or paper currencies just prior to con-
sumingfinger foods. Soto was not involved in the new study.

An independent recent study14 compared the metabolism of
orally ingested BPS and BPA in piglets, whose toxicokinetic path-
ways are similar to humans’.15 Consistent with previous work,16,17

the investigators estimated that systemic exposure to BPSwas about
250 times higher than to BPA after oral dosing due to reduced me-
tabolism. Véronique Gayrard, a professor of physiology at the
National Veterinary School of Toulouse and first author of the piglet
paper, suggests that replacing BPA with BPS in food and beverage
containers may increase human exposure to hormonally active com-
pounds. “These two analyses2,13 are difficult to compare because
they concern two different exposure routes in two different organ-
isms,” says Gayrard, who was not involved in the new study.
However, she adds, both studies emphasize the importance of toxi-
cokinetic studies for BPA substitutes.

In the case of BPS, Liu concludes, this should go beyond die-
tary exposures. “More studies of dermal exposure routes are war-
ranted because their contribution to total human exposure may
have been underestimated,” she says.

Silke Schmidt, PhD, writes about science, health, and the environment from Madison,
Wisconsin.
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